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COLOUR TELEVISION SYSTEM 



SUMMARY 

A recently proposed modification to the coding of NTSC-type colour televi- 
sion claims to offer some improvements in the picture displayed by both colour and 
black-and-white receivers. The effects of fluctuation noise in colour receivers are 
investigated for both the modified system and the normal form of NTSC system. The 
analysis assumes that "flat-spectrum" noise is added to the signal at a point prior to 
decoding in the receiver, and the visibility of this noise is calculated for a series 
of test colours; the results given include allowance for the reduction of receiver 
contrast ratio by ambient light falling upon the screen. It is shown that both 
systems have a substantially similar sensitivity to fluctuation noise. These find- 
ings are discussed in the light of experiments carried out in the U.S.A. and Britain. 

1. INTRODUCTION 

A modification to the coding of NTSC-type colour television signals has been 
proposed recently. It is claimed that this modification offers some improvements in 

the pictures displayed by both colour and monochrome receivers. In this report, the 
effects of fluctuation noise in colour receivers are investigated for both the modi- 
fied and the normal forms of the NTSC system. 

In general, the composite colour signal presented to the decoding circuits 
of a colour receiver will be accompanied by fluctuation noise; this noise is added to 
the signal in the radio-frequency stages of the receiver, including the aerial. The 
spectrum of the added noise is determined by the shape of the receiver pass— band and, 
in the case of vestigial— sideband reception, is non-uniform. Further, such a receiver 
introduces colour-signal distortion which results in crosstalk between the luminance 
and chrominance signals. 2 ' 3 

For the purposes of comparison it has been assumed here that double— sideband 
reception is used; this form of reception introduces no inherent distortion and the 
noise added to the signal has a uniform spectrum. 

2. GENERAL 

Fig. 1 shows the spectrum of a typical "equiband"* colour signal and Fig. 2 
illustrates the form of a decoder used to convert the composite signal at the receiver 
detector into signals suitable for a three— gun display. 

* It is assumed that * c olour-dif f erenc e- s ignal " decoding is employed, and that asymme t r ic - s ideband 
chrominance components are eliminated by a filter located before the decoder. 
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Fig. I - Composite signal spectrum 



The composite signal has the form 
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where E L represents a general form of luminance signal, and K t and K 2 determine the 
relative amplitudes of the chrominance components in the composite signal. If "flat" 
noise, of bandwidth /o, is added to the signal before the decoder, wideband noise N Y 

(r.m.s. value I N y J 2 ) will accompany the signal E and the outputs of the two syn- 
chronous demodulators will be accompanied by noise of bandwidth f c . The two low- 
bandwidth noise fluctuations will have equal r.m.s. values, but will have a quadrature 
relationship. 

Let these two components be represented by N ' c and # c ". If the synchronous 
demodulators are regarded as devices producing two outputs equal to the input signal 
multiplied by 2 cosco s i and 2 sinco s t respectively, it can be shown (see Appendix) that 
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Fig. 2 - General form of decoder 



Such low-bandwidth noise fluctuations cause two forms of disturbance to the reproduced 
picture. First, they upset the relative proportions of the colour-difference signals 

(1/7 \ / i/r \ 
?„ - E j and \E -El, thus affecting the hue and saturation of the reproduc- 

tion. Secondly, the properties of the decoder together with the non-linear brightness- 
against-drive-voltage characteristics of the display tube may prevent full exploitation 
of the "Constant Luminance Principle". 4 In such circumstances the colour-difference 
signals contribute to the luminance of the reproduction; the accompanying noise thus 
causes fluctuations of reproduced luminance. 

This report is concerned solely with the total luminance contributions of the 
noise portrayed by the display, fluctuations of hue and saturation being relatively 
less visible by some 6 to 8 dB. 4 

The noise contributing to luminance may be considered as two separate parts. 
First, the luminance channel contains noise between zero frequency and f c to which 
further contributions may be made bynoise (of the same bandwidth) from the chrominance 
channels. Secondly, the luminance channel alone contributes noise between / and f . 
The amplitudes of these various contributions are determined by the decoding and 
display processes and are denoted, in the ensuing discussion, by the coefficients o 

i/*y \ / x/y 

(luminance channel ) , b ( E R - E chrominance channel J and c [ E„ - E chrominance 

channel' 
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Recalling that the noise power at the decoder input is V and the synchronous 

2 2 

detectors provide noise-power components X' c and #£ we note that the total low- 
frequency noise power (0 to / } is 



and the r.m. s. value 
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f c (a 2 + 26 2 + 2c 2 )// o > 2 (3) 

The high-frequency noise power, contributed by the luminance channel only, may be 
expressed by 



and the r.m. s. value is 
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Having given expressions for the luminance contributions for low- and high- 
frequency noise, it remains to deduce relationships defining the visibility of noise 
in relatively large picture areas; in areas containing considerable detail, effects 
such as beating between signal and noise may introduce added complications. 



If the average brightness of the area is Y, the "r.m. s. visibility"* of l.f. 
noise will be, from (3) 
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(5) 



and for h.f. noise, from (4 



LINEAR DECODING 




(6) 



Colour receivers employ display tubes whose "light output "-against-drive- 
voltage characteristics may be represented by a power law of exponent approximating 
to 2*2. In the interests of receiver economics and reliability the colour decoders 
used are of a form employing "linear" processes of detection, addition and subtraction. 

i/y i/r 

Referring to Fig. 2 it will be seen that E and E may be recovered by 

/ i/7 \ / i/r \ 

adding E to ( i B - E t \ and ( E D - E,). In the linear decoder the green colour- 
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difference signal is recovered by the "raatrixing" (taking a suitably weighted sum) of 



From equation (1) and Fig. 2, therefore, we find that, in the presence of 
noise, the instantaneous signals applied to the display- tube guns are 

s n= B / y + 'y + l * r l (7) 
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S D = E B + N v + K 2 H" (8) 



viiere S and S are signals applied to the tube guns. 
The "matrixing" operation is defined by 

/ i/r \ f i/r \ 

g Gd iff = -°- 51 { E R -h)-°' 19 [ E B ~ E l) 

where {represents the green colour-difference signal. 



As for equations (7) and (8), adding E + # and remembering that inequation 
(9) the colour-difference signals are now accompanied by N' c and X" we have 
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(10) 

1/7 i/y 

= 1-7 E L - 0'51 E R - 0-19 E B + Jf y - 0*51 . Ij . #• - 0'19 . * 2 . j^ 

This term is based upon the Fechner fraction and, as used here, is defined as the ratio of the 
r.m.s. brightness fluctuation to the mean brightness. 



Now each gun characteristic may be represented by 

l = sy 

where L is the "light output" from a phosphor as the result of an input signal S. 
For small perturbations 

= yS y (11) 

f Y- 1 
and S tends to zero with S when 7>l. 

Thus the instantaneous "light outputs" from the three phosphors are, from (7), (8) 
and (10) 

(y-i)/y 
L R = E R + y ' E R • (S Y + Kl 'V (12) 

( y- i )/y 
L B = E B + y . E B . (N y + K 2 H») (13) 
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The total luminance is, therefore, 

7„ = 0'3L a + 0"11£„ + 59£ 
T R B G 

i/r i/r l r 

= 0-3E n + 011# D + 0'59 \l'7E, - 0'51E D - 0'19E D 

no \ L n B 



(r-i)/r (y-i)/y / i/r l/r^ 7 " 1 

+ 7 . tf y <\0'3 E R + 0-11 f fi + 0-59 y-'7E - 0'51E R - 0'19E 

\ (r-D/r / i/r l/yN 7 " 1 

+ 7 . Af' e ^0-3.^! f fl - 0'59 0*51 Jj. [l mr 7S - 0-51E R - 0'19E £ ' 



J 



) (T-l)/y / l/y i/yl ^M 

+ 7 . J 1 ; <0«11 K 2 E B - 0-59 0-19 K 2 (l'7£ £ - 0'51f fl - 0*19^ J > (15) 



whence T, a, b and c of equations (5) and (6) are 
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3.1 Specific Systems with. Linear Decoding 



The quantities Y, a, 6 and c may now be deduced for specific systems, 
the NTSC system with NTSC decoding, we have 
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where S y = 0' 3E R + 0' 59E Q + 0' llf B 



whence, from (16), (17), (18) and (19) 
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For the constant-luminance system 1 with NTSC decoding, we have 
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Again from (16), (17), (18) and (19) we have 
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4. NON-LINEAR DECODING 

If certain non-linear processes are incorporated, the decoder of Pig. 2 may 

1/7 
be used to derive E„ correctly from a composite signal of the constant-luminance 

type. Fig. 3 shows details of the non-linear decoder. 
For the constant-luminance signal 
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In the presence of noise, we again use the general equations (7) and (8), 
re-written below as (23) and (24): 
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Fig. 3 shows the formation of E which becomes the signal applied to the 

"green" gun, 
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from (23), (24), (25) and (11), we have 
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Fig. 3 - Non-linear decoder 



L b = E B + J E„ U„ + K^ J (27) 
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Prom (26), (27) and (28), the total luminance is 
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5. RESULTS AND DISCUSSION 

Expressions defining Y, a, b and c have been obtained for various combina- 
tions of composite signal and receiver decoder. By applying these expressions, the 
"r.m.s. visibilities" of l.f. and h. f . noise have been determined for a series of test 
colours 5 (after normalization for white luminance) together with the three saturated 
additive, primaries and white. The ratio f c /f was assumed equal to 1/8. 

No attempt has been made to derive results representing the combined visibi- 
lity of l.f. and h.f. noise. There is some evidence 6 that masking of low-frequency 
fluctuations by high-frequency components would make such a result rather suspect. 

Table 1 shows the "visibilities" of the noise displayed when using three 
different signal/decoder combinations. The results are tabulated in terms of both 
the Fechner fraction Af/f and the relative unit, the decilum. * 

•Relative visibility = 80 log 1Q decilums. The reference level for the columns shoeing 

4V y 2 

decilums Is, In all cases, the Fechner fraction of the noise at white luminance. 
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Corrected relative "visibilities" of h.f. and l.f. noise 
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1*4 
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An attempt has also been made, in Table 2, to present results corrected for 
two additional factors. These are: 

(a) variation in the Pechner fraction Af/F as a function of luminance level F and 

(b) the available maximum contrast of the viewed picture. 

The corrections 7 have been deduced assuming 

(i) that the relative visibility of noise over a certain scale of luminance 
(with different colours) is the same as that over an equivalent grey scale. 

(ii) that the white display luminance is 10 foot-lamberts and the contrast 
ratio is limited, by ambient and flare light, to 50:1. 

Tables 1 and 2 show that, for the saturated colours likely to be encountered 
in practice, the constant-luminance system is characterized by only a slightly reduced 
sensitivity to fluctuation noise when compared with the normal form of NTSC system. 
This is well illustrated in Table 2 where, for example, the l.f. noise visibility for 
any one of the five test colours (red, yellow, green, cyan and blue), viewed in low- 
level ambient illumination, does not vary by more than 1*6 dl for the three signal/ 
decoder combinations. In these same conditions, the corresponding maximum variation 
of h.f. noise visibility is 2 dl. 

Although the results given here have been obtained using a somewhat simpli- 
fied theoretical approach, it would appear that there is a reasonable degree of agree- 
ment with practical experience. This may be illustrated by the following argument. 
A perfect constant— luminance colour television system may be regarded as a conventional 
monochrome system to which a signal describing chromaticity only has been added; the 
"noise sensitivity" of such a system would be essentially identical to that of the 
monochrome system alone. It has been shown, both in the U.S.A. and in Britain, 
that the normal form of NTSC system is only some 1 or 2 dB more sensitive to fluctua- 
tion noise than the equivalent monochrome system. 
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APPENDIX 



If a signal E cosco s t is applied to a synchronous detector, the local 
carrier phase may be chosen to coincide with that of the signal to be demodulated so 
that the output of the detector is represented by 

E cosco.t . cosa.t = E/2 (1 + cos Zco.t) 



whence after filtering 



B. - E/2 



(30! 



Referring to Fig. 1, the wide-band instantaneous noise Ny is first filtered 
to a band extending from /, - f c to f, + f e . 



The filtered noise may be written 

if = x(t) cosco s t + y(t) sinco s t 
where x(t) and y(t) are "slowly varying" functions of time. 
The r.m.s. value of the filtered noise, in terms of the wide-band noise is 



(31) 



(Tf{rf . („.„.)« 



(32) 



The r.m.s. values of the in— phase and quadrature components are evidently 
equal to each other because the components share the total power equally: 



{x(t) COSCDgt}" 



{y(t) sina) s t}' 



" W • 



H 



(fc/fo 



Now 



{*(*) cos co s t}' 



— {x(t) cos cot} . dt 

I 



(33) 



21 



{x(t)} 2 . dt + — I {«(*)} cos2co s t.dt 
2T 



If T is large, we have 



{x(t) cosco s t}' 



1 I 2 

— {%(*)} . dt 
21 J 
J o 



{«(*)}' 



(34) 
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After synchronous detection, the in-phase noise is 

N' = x(t) COSCO s t . COSOJjt 

= x(t)/Z 



(35) 



if we assume that the component at the frequency ZuJ'Stt has been removed by a suitable 
filter. 

Whence r.m.s. noise 



{xit)}' 



/2 
2 



ix(t) cosw t} 



(from (34) ) 



whence from (33) = 



/2 /~7 



(7,J . (v,) * 



(36) 



Normalizing both signal and noise amplitudes for unity gain we have, from (30) to (36), 



Signal component E s = E 



and the r.m.s. noise 



("')* = ('0*-fv/.) 



(37) 



(38) 



BRH 
ALG 



